
I t  is likely that the developmental reduc- 
tion of the female gametophyte, from a 
s i m c a n t  nourishing tissue for the embryo 
in nonflowering seed plants to the structur- 
ally reduced embryo sac of angiosperms, was 
compensated for by the origin of endosperm 
as a nutritive tissue for the embryo (charac- 
ter advances 4 to 6,  Fig. 5). If double 
f e h a t i o n  in Ephedra and angiosperms was 
inherited from a common ancestor, the evo- 
lution of triploid endosperm, and not dou- 
ble feduat ion per se, would appear to have 
been the significant reproductive innova- 
tion, in part, responsible for the evolution- 
ary and ecological radiation of angiosperms. 
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Novel Pluorogenic Substrates for Assaying Retroviral 
Proteases by Resonance Energy Transfer 

The 11-kD protease (PR) encoded by the human immunodeficiency virus 1 (HIV-1) is 
essential for the correct processbg of viral polyproteins and the maturation of 
infectious virus, and is therefore a target for the design of selective acquired 
immunodeficiency syndrome (AIDS) therapeutics. To facilitate the identification of 
novel inhibitors of HIV- 1 PR, as well as to permit detailed studies on the enzymology 
and inhibition of this enzyme, a continuous assay for its activity was developed that 
was based on intramolecular fluorescence resonance energy transfer (RET). The assay 
used the quenched fluorogenic substrate 4-(4-dimethylaminopheny1azo)benzoic acid 
(DABCYL)Ser Gln Asn Tyr Pro Ile Val Gln-5- [(2-aminoethyl)amino]naphthalene-1 
sulfonic acid (EDANS), whose peptide sequence is derived from a natural processing 
site for HIV-1 PR. Incubation of recombinant HIV-1 PR with the fluorogenic 
substrate resulted in specific cleavage at the Tyr-Pro bond and a time-dependent 
increase in fluorescence intensity that was linearly related to the extent of substrate 
hydrolysis. An internally quenched fluorogenic substrate was also designed that was 
selectively cleaved by the related PR from avian myeloblastosis virus (AMV). The 
fluorescence quantum yields of the HIV-1 PR and AMV PR substrates in the RET 
assay increased by 40.0- and 34.4-fold, respectively, per mole of substrate cleaved. 
Because of its simplicity, rapidity, and precision in the determination of reaction rates 
required for kinetic analysis, this method offers many advantages over the commonly 
used high-performance liquid chromatography- or electrophoresis-based assays for 
peptide substrate hydrolysis by retroviral PRs. 

A S WITH OTHER CLASSES OF POSI- 

tive-strand RNA viruses, retrovi- 
ruses encode proteins that are ini- 

tially synthesized as large polyprotein pre- 
cursors and are later processed by post- 
translational cleavage (1). Translation of the 
polycistronic viral mRNA results in the syn- 
thesis of two precursor polyproteins: Prgag, 
which contains the structural capsid pro- 
teins, and ~ r ~ ~ ~ - ~ ~ ' ,  which contains informa- 
tion for both the structural proteins and the 
replicative enzymes. The env gene products 
are translated as a precursor polyprotein 
from a separately spliced mRNA transcript. 
Retroviruses also encode a small, 10- to 12- 
kD protease (PR) that is generally expressed 
as part. of the ~ r ~ ~ ~ - ~ ~ '  precursor, except in 
the case of the avian retroviruses, where it 
is synthesized as the COOH-terminal por- 
tion of Prgag (2). The retroviral PR is re- 
quired for the processing of both the Prgag 
and I?rgag+'~' precursor polyproteins at spe- 
cific cleavage sites. These cleavages are be- 
lieved to occur during or just after virion 
assembly and have been shown for HIV-1 
and murine leukemia virus (MuLV) to be 
required for the maturation of infectious 

virus particles (3). Thus, inhibition of the 
viral PR has become an important target for 
the design of antiretroviralAagents, inciuding 
new therapeutic agents for AIDS. 

Three-dimensional crystal structures of 
the PRs for Rous sarcoma virus (RSV) (4) 
and HIV-1 (5)  have verified predictions (6,  
7) that the retroviral PRs are structurally 
and functionally related to the eukaryotic 
aspartic protein& family of enzymes. Strat- 
egies used to design inhibitors of human 
renin, a related aspartic proteinase that spe- 
cifically cleaves angiotensinogen to angio- 
tensin I and initiates a hvpertensive re- , . 
sponse, are now being applied to the design 
of HIV-1 PR inhibitors. A variety of tech- 
niques have been previously used to measure 
retroviral proteolytic activity, including pro- 
tein immunoblot analysis of the gag polypro- 
tein and its cleavage products (7, 8 ) ,  and 
high-performance liquid chromatography 
(HPLC) (9, 10) or thin-layer electrophoretic 
(1 1) analysis of synthetic peptide-cleavage 
fragments. All of these methods are relative- 
ly -time-consuming and impractical for 
screening and characterizing large numbers 
of inhibitors. In addition, they are not well 
suited for enzymological studies because 
continuous measurement of reaction kinet- - 

E. D. Matayoshi and J. Erickson, Pharmaceutical Discov- ics is not possible (12). 
ery Division, Abbott Laboratories, Abbott Park, IL 
60064. As an alternative approach, we have devel- 
G. T. ~ a n g  and G. A. fi&, Abbott Diagnostics oped a fluorescence assay based on the 
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*To whom correspondence should be addressed. ( ~ i ~ .  1A). These substrates consist of an 

SCIENCE, VOL. 247 



A S e r - G l n A s n T y r + r o l l e - V a l G l n .  

H 

'N 1 
I ~ 1 7 s e r ~ v a ~ ~ v a ~ y r + r o . v a v a G ~ n .  

H 

' N 2 
I 

DABCYL EDANS 

Fig. 1. (A) Structures of fluorogenic substrates 1 B 1 
(for HIV-1 PR) and 2 (for AMV PR). The 
fluorescent donor is EDANS and the quenching $ .$ 
acceptor is DABCYL linked via a GABA spacer. g g 
Octapeptides (Multiple Peptide Systems) were 3 E 
derivatized with conve~ltional condensation 8 8 
chemistry of commercially available DABCYL 9 . 
and EDANS with the octapeptide NH2 and 0 $! 
COOH-termini, respectively (32). Purification , 

was accomplished by reversed-phase HPLC with 2 2 
a linear water-to-acetonitrile gradient at pH 4.9; 
the GABA-Ser linkage is mildly unstable below 300 400 500 600 
pH 3. Verification of the final products was Wavelength (nm) 
obtained by amino acid analysis, nuclear magnetic 
resonance, and mass spectrometry. (9) The absorption (line 1) and technical fluorescence (line 2) 
spectra of free EDANS, and the absorption spectrum of free DABCYL-GABA (line 3). The peak molar 
extinction coefficients in the assay buffer (Fig. 2, legend) are 5438M2' cm-' at 336 nm (EDANS) and 
1 5 , 1 0 0 ~ - '  cm-' at 472 nm (DABCYL). 

octapeptide with a fluorescent donor, 5-[(2- 
aminoethyl) amino] naphthalene- 1 - sulfonic 
acid (EDANS), and a quenching acceptor, 
4- (4-dimethylaminophenylazo) benzoic acid 
(DABCYL), attached at the COOH- and 
NH2-termini, respectively. The octapeptide 
sequence of substrate 1, SQNYPIVQ (13), 
corresponds to the naturally occurring 
Pr55gag ~ 1 7 1 ~ 2 4  cleavage site for HIV-1 
PR, which cleaves at the Tyr-Pro peptide 
bond. This sequence was selected because it 
had been shown to be a better substrate than 
synthetic peptides based on other cleavage 
sites (9, 10). The sequence used for substrate 
2, SVVYPWQ, although not a natural 
cleavage sequence for avian myeloblastosis 
virus (AMV) PR, contains a high Val con- 
tent, which was predicted to enhance sub- 
strate efficiency based on an examination of 
the various cleavage sites on the AMV poly- 
protein (14). A y-aminobutyric acid 
(GABA) spacer was inserted between the 
DABCYL group and the NH2-terminal Ser 
in both substrates to avoid potential steric 
hindrance of substrate binding by the bulky 
acceptor. The intrinsic fluorescence of 
EDANS is dramatically reduced in these 
substrates because of intramolecular reso- 
nance energy transfer (RET) (15) to the 
DABCYL group. Since RET becomes insi - 
nificant beyond distances of about 100 f , 
the 111  fluorescence quantum yield of 
EDANS is restored after cleavage of the 
peptide and concomitant liberation of the 
DABCYL-linked peptide fragment. Hence, 
proteolytic activity can be continuously 

monitored by simply recording the increase 
in fluorescence intensity with time. Further- 
more, this increase is linearly related to the 
rate of hydrolysis of the fluorogenic sub- 
strate because for each mole of substrate that 
is cleaved, the total fluorescence is incre- 
mented by the net intensity caused by 1 mol 
of newly created EDANS-lmked peptide 
fragment. 

The fluorescence-monitored hydrolysis of 
substrate 1 by HIV-1 PR is presented in 
Fig. 2. The reaction was allowed to proceed 
to virtual completion, with a fluorescence 
enhancement of 40.0-fold per mole of sub- 
strate cleaved (16). (When fluorogenic pep- 
tides with nonspecific sequences were incu- 
bated with HIV-1 PR, no change in fluores- 
cence intensity was observed.) The cleavage 
of substrate 2 by AMV PR resulted in a 
fluorescence enhancement of 34.4-fold (Fig. 
2, inset). At substrate concentrations of 3.4 
p,M, AMV PR cleaved substrate 2 at least 50 
times faster than substrate 1, whereas HIV- 
1 PR cleaved substrate 1 about ten times 
faster than substrate 2 (17). 

HPLC analysis of the products formed in 
the HIV-1 PR reaction of Fig. 2 indicated 
complete dsappearance of the 53.5-min 
peak (substrate 1) and the concomitant ap- 
pearance of two new species with retention 
times of 36.4 min and 47.2 min (Fig. 3, A 
and B). These results suggest that the flu- 
orogenic substrate had been cleaved quanti- 
tatively at a single bond (18). The absorp- 
tion spectrum for each peak was also ac- 
quired on-line during the chromatography 

Time (min) I '04 30 60 90 120 150 
Time (min) 

Fig. 2. Hydrolysis of fluorogenic substrate 1 by 
HIV-1 PR at 37"C, as monitored by steady-state 
fluorescence (33). The reaction was carried out 
with 10.7 p,M substrate 1 at pH 4.7 in a buffer 
containing 0.1M sodium acetate, 1M NaC1, 1 
mM EDTA, 1 mM dithiothreitol, 10% dimethyl 
sulfoxide, and bovine serum albumin (1 mgiml), 
in a volume of 120 p,1(34). The arrow denotes the 
addition of recombinant HIV-1 PR to a final 
concentration of 35 nM (35). (Inset) Analogous 
reaction carried out with 5 p,M substrate 2 and 
AMV PR in the medium described for HIV-1 
PR, except buffered at pH 6.0 by 0.1M sodium 
phosphate. At the arrow, AMV PR was added to 
a final concentration of 33 pglml. 

(19). The 36.4-min peak exhibited an ab- 
sorption spectrum of EDANS alone and a 
fluorescence-yield characteristic of the un- 
quenched EDANS fluorophore, whereas 
the 47.2-min species was nonfluorescent 
and exhibited an absorption spectrum repre- 
sentative solely of the DABCYL group. 
These cleavage products were further sub- 
jected to amino acid analysis. The fragment 
eluting at 36.4 min was identified as PIVQ- 
EDANS, and the 47.2-min fragment as 
DABCYL-SQNY. Confirmation of the 
product identities was obtained by chemical- 
ly synthesizing the predicted products and 
by finding that they exhibited retention 
times on reversed-phase HPLC that were 
indistinguishable from the HIV-1 PR-liber- 
ated fragments (17, 20). These analyses 
proved unequivocally that proteolysis of 
substrate 1 occurred specifically at the Tyr- 
Pro bond. 

A typical velocity-versus-substrate con- 
centration profile for the hydrolysis of sub- 
strate 1 by HIV-1 PR is presented in Fig. 4. 
Under our standard high ionic strength 
assay conditions at 30°C (21), classical Mi- 
chaelis-Menten kinetics were observed, with 
K m ? S D =  103+-8pMandVm,,?SD= 
164 2 7 nM min-'; assuming the catalytic 
unit to be a dimer, these results gave a 
catalytic rate (k,,,) of 4.9 s-'. In previous 
reports where synthetic peptide substrates 
for HIV-1 PR were studied, Km values in 
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the millimolar range were generally ob- 
tained (10, 22, 23). An exception is the 
dodecapeptide WSQNYPIVQNR, with a 
reported K, of 60 y11/1(24). Darke et a/. (21) 
reported a K, of 1.5 m2/1 for the octapep- 
tide SQNYPIVQ at pH 5.5 and at low ionic 
strength. It would thus appear that the 
presence of the DABCYL and EDANS 
groups confers improved substrate-binding 
properties on the octapeptide in this assay. 
Consistent with this conclusio~l is the obser- 
vation that hydrolysis of fluorogenic sub- 
strate 1 was suppressed only 15% in the 
presence of equimolar unlabeled peptide 
SQNYPIVQ (20). 

Pepstatin is a potent inhibitor of many 
cellular aspartic proteinases and is a reported 
inhibitor of HIV-1 PR (8, 22, 24, 25). A 
Dixon plot yielded an inhibition co~lstant 
(Ki) for pepstatin of 17  w2/I (Fig. 5). When 
the data was plotted according to the meth- 
od of Cornish-Bowden (Fig. 5, inset), paral- 
lel lines were obtained, showing that inhibi- 
tion by pepstatin is purely competitive in 
nature. Pepstatin inhibited the cleavage of 
substrate 2 by AMV PR fairly weakly in the 
fluorescence assay, with a median inhibitory 
concentration (IC50) of about 40 y144 at pH 
6 (17). Values for Ki or IC50, which were 
previously reported for pepstatin inhibition 
of HIV-1 PR, ranged from about 0.4 to 250 
yfvl (8, 22, 24, 25). A number of factors are 
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Fig. 3. HPLC analysis of fluorogenic substrate 
and reaction products. Overlayed are the fluores- 
cence and 475-nm absorbance chromatograns 
resulting from a linear elution gradient of 5 to  
55% acetonitrile, 1% per minute (19). (A) Fluor- 
ogenic substrate 1, before addition of HI\'-1 PK. 
(B) Products of  substrate 1 after hydrolysis by 
HIV-1 P R  for 2.5 hours under the conditions 
described in Fig. 2. The eluates that produced the 
peaks were collected for an ino  acid analysis. 

Fig. 4. Hydrolytic reaction rates at 30°C as a 
function of substrate 1 concentration. Fluores- 100 - 
cence measurements (33) were carried out in the 
p H  4.7 assay buffer with 1.12 n M  HIV-1  PR. 
Rates were derived from the initial 5 to  8 min of *'- 
the reaction, always corresponding t o  less than -;. 
1% hydrolysis of the total substrate. Each data 5 60. 
point represents the average of three velocity (I/) 5 determinations; the S D  of the measured rates in - 
these and in replicate measurements performed in 40 - 

other experiments was always better than 2%. The 
nonlinear least-squares fit to  the Michaelis-Men- 
ten equation is sho\i,n by the solid line. Although *O'  

the mediocre solubility of 1 (36) limited the Time (min) 
measurements to  a maximum substrate concentra- 
tion ofonly 1.3 times the K,, the excellent fit and 0 50 100 150 200 
the reproducibility of the data lend confidence to Substrate ( F M )  
this analysis. (Inset) Initial phase of the hydroly- 
sis used for rate determinations. The data shou~n correspond to the 20 )*IW substrate reaction. The 
digitized points represent signal averaging over 10-s intends,  and the least-squares linear fit to the data 
is indicated by the solid line. Conversion of the reaction velocities from fluorescence intensity per unit 
time (V , )  to concentration (molarity) per unit time (V,) was performed by the follou~ing procedure, 
which simultaneousl~~ corrected for the inner filter efiect (37). At each fluorogenic substrate concentra- 
tion used for a rate measurement, a known low concentration of free EDAVS (Cref) was added (in the 
absence of HI\'-1 PK), and its apparent fluorescence intensity was determined (Iref) under instrumental 
conditions identical to those used in the rate measurement. The converted and corrected velocity was 
then calculated from I.', = Vi x (Cref/lrer) x ( d i e  - 1))  x Rref, where d is the factor by urhich the 
substrate quantum yield is enhanced after cleavage, and Rref is the ratio of the intensities of equimolar 
solutions of reference compound to  that of the fragment PIVQ-EDAVS (38). 

probably responsible for the apparent dis- 
parity in these values, including differing 
substrates, assay conditions, and prepara- 6000 

tions of HIV-1 PR. For routine measure- 
ments of HIV-1 PR activity, a fluorogenic 10 FM 

2000 
substrate co~lcentration of 2 to 5 p,i\/l pro- % . L 

vides adequate signal to noise on any labora- 
ton.-grade fluorometer This concentration Pepstatin (nM) 

is \veil below the K, of 103 ylv. Thus, a 2 
novel consequence of the high sensitivity of 
the RET assay with regard to HIV-1 PR $ 0 2 -  

inhibitor screening is that the ICso values 
provided by this assay are good approxima- 
tions for K, when the inhibition is competi- - 129 FM 
tive (26). 

The feasibility of applying RET to the 
measurement of hydrolase activity was 
shown by Latt et a/ and Carmel ct a/. (27) 
nearly two decades ago. However, the use of 
this concept (or analogous quenching and 
cleavage strategies) for the design of efficient 
PR substrates has limited practical applica- 
tion (28). Selection of an efficient donorlac- 
ceptor (DIA) energy transfer pair is critical 
for obtaining a large change in fluorescence 
signal per mole of cleaved substrate. The 
latter characteristic enables rate determina- 
tions from the hydrolysis of a very small 
fraction of total substrate, which is highly 
desirable for estimating initial reaction ve- 
locities. Previous applications used sub- 
strates in which the fluorophore and 
quencher were separated by no more than 
four amino acid residues. For significantly 
greater separation distances, relatively poor 
quenching would be expected for the types 
of fluorescent and quenching groups (espe- 
cially those based mainly on collisional or 

-0.2 - 
-40 0 40 80 

Pepstatin ( n M )  

Fig. 5. Inhibition of HIV-1 PK by pepstatin at 
p H  4.7, 30°C. The reaction conditions were 
identical to those used in Fig. 4.  Pepstatin (Cal- 
biochem) was dissolved in DMSO, and diluted 
into the assay buffer just before rate measure- 
ments were made. The data were taken at three 
concentrations of substrate 1 (indicated on  plot) 
and are shown in the form of a Divon plot; the 
point of intersection yields Ki of 1 7  nM. (Inset) 
Cornish-Bowden plot (39). 

short-range quenching mechanisms) that 
were typically used in these studies. We 
began with the premise that a minimum 
peptide length of about seven amino acids 
would be necessary for efficient substrate 
recognition and cleavage by HIV- 1 PR (10). 
The choice of EDANS and DABCYL as an 
optimal DIA pair was made on the basis of a 
number of considerations. (i) There is ex- 
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tremely good spectral overlap of EDANS 
emission with the strong visible absorption 
band of DABCYL (Fig. lB), leading to very 
efficient energy transfer. Ro, the Foerster 
distance for 50% energy transfer efficiency, 
was estimated to be 33 A for this DIA pair 
(29). (ii) The use of a relatively long-lived 
donor, such as EDANS, leads to improved 
suppression of residual substrate fluores- 
cence, since RET is significantly enhanced 
by diffision of donor and acceptor moieties. 
In substrates 1 and 2, the maximal DIA 
separation distance (R) is expected to be 
about 29 A (assuming an extended octapep- 
tide configuration). Hence, R is always less 
than Ro, and the efficiency of energy transfer 
increases steeply with decreasing R for dis- 
tances R < Ro. [For example, 20-fold 
quenching of donor fluorescence would be 
achieved at R = 0.61 Ro, and 65-fold 
quenching at R = 0.5 Ro (30).] (iii) The 
detectability of EDANS is enhanced by sev- 
eral factors, including its moderately good 
quantum yield, reasonable stability against 
photobleaching, and a Stoke shift of over 
100 nm (Fig. 1B). (iv) The water solubility 
of EDANS is beneficial for solubilizing hy- 
drophobic peptides such as those that are 
good substrates for HIV-1 PR. (v) The 
well-separated visible absorption band of 
DABCYL facilitates substrate purification 
and quantitation as well as the analysis of the 
substrate fragments produced by proteoly- 
sis. The fact that DABCYL is also nonfluo- 
rescent improves the detectability of 
EDANS fluorescence, since it allows the 
latter to be measured with cutoff filters or 
very wide band-pass monochromator slits or 
filters (31).  ~, 

In summary, we have shown that fluores- 
cence RET can be effectively applied to 
assaying retroviral PRs even when relatively 
large peptides are used as substrates. The 
simplicity, rapidity, and precision of the 
RET assay facilitates its adaption to a variety 
of uses and formats. For large-scale screen- 
ing, the RET assay lends itself readily to 
automated formats, such as the 96-well fluo- 
rescence plate reader. The RET method may 
also be used to study substrate specificity 
requirements for retroviral proteases, since 
an efficient DIA   air can be used with 
virtually any peptide sequence, requiring 
only that the donor and acceptor groups can 
be positioned so as to minimally perturb the 
enzvme-substrate interaction. Examination 
of modeled substrate-enzyme complexes, on 
the basis of known three-dimensional crystal 
structures of several viral and eukarvotic 
aspartic proteinases, indicates that the bulky 
DIA groups on the fluorogenic substrate 
should not interfere with the binding of the 
peptide moiety to its complementary en- 
zyme subsites. Thus, in principle it should 

be feasible to design fluorogenic peptide 
substrates specific f i r  cleavage by o&r re- 
troviral proteases, as well as by the structur- 
ally related eukaryotic aspartic proteinases 
such as renin, chymosin, and the pepsins. 
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Molecular Characterization of a Functional cDNA 
Encoding the Rat Substance P Receptor 

Substance P is a member of the tachykinin peptide family and participates in the 
regulation of diverse biological processes. The polymerase chain reaction and conven- 
tional library screening were used to isolate a complementary DNA (cDNA) encoding 
the rat substance P receptor from brain and submandibular gland. By homology 
analysis, this receptor belongs to the G protein-coupled receptor superfamily. The 
receptor cDNA was expressed in a mammalian cell line and the ligand binding 
properties of the encoded receptor were pharmacologically defined by Scatchard 
analysis and tachykinin peptide displacement as those of a substance P receptor. The 
distribution of the messenger RNA for this receptor is highest in urinary bladder, 
submandibular gland, striaturn, and spinal cord, which is consistent with the known 
distribution of substance P receptor binding sites. Thus, this receptor appears to 
mediate the primary actions of  substance P in various brain regions and peripheral 
tissues. 

S UBSTANCE P (SP) IS A NEUROPEP- 
tide considered to function as a neu- 
rotransmitter or modulator in the 

central and peripheral nervous system. Of all 
neuropeptides, SP is perhaps the best char- 
acterized in terms of distribution, sites of 
release, and biological actions (1). SP is a 
member of a family of structurally related 
peptides called the tachykinins (2). The 
mammalian tachykinin peptide family cur- 
rently includes SP, neurokinin A (NKA), 
neurokinin B (NKB), neuropeptide K, and 
neuropeptide y (3, 4). SP is produced from 
any of three differentially spliced mRNAs, 
and the mature undecapeptide is stored in 
secretory vesicles and secreted upon cellular 
stimulation (5 ) .  SP has excitatory effects on 
both peripheral and central neurons. I t  also 
elicits a variety of biological responses in 
nomeuronal tissues, including stimulation 
of smooth muscle contraction, exocrine and 
endocrine gland secretion, and plasma ex- 
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travasation and regulation of immune and 
inflammatory responses (1, 6). The stimula- 
tion of SP receptors (SPRs) with ligand is 
followed by an increase in the hydrolysis of 
phosphatidylinositol 4,5-bisphosphate; this 
is a result of the G protein-mediated activa- 
tion of a phosphoinositide-specitic phos- 
pholipase C (3, 7) .  

We have used molecular cloning tech- 
niques in conjunction with expression analy- 
sis to determine the primary structure of the 
rat SPR. The initial isolation of a cDNA 
fragment encoding part of the SPR was 
obtained by the use of the polymerase chain 
reaction (PCR) technique (8). Because re- 
ceptors of the G protein-coupled superfami- 
ly display homology in the putative trans- 
membrane domains (9),  we localized two 
such areas suspected to be unique for tachy- 
kinin recemors on the basis of the deduced 
sequence of a bovine substance K receptor 
(SKR) (10) and other members of this 
receptor superfamily. We designed two de- 
generate oligonucleotides for use as PCR 
primers ( rimer PCR 11, 5' TG~ATGG- F C I G C I ~ T ~ ~ G C  3'; and primer PCR 
VII, 5' A T I G G ~ ~ ~ T A G A T N G T  3'). 
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